Using the known connection between Schroedinger-like equations and Diraclike equations in the supersymmetric context, we discuss an extension of FRW barotropic cosmologies in which a Dirac mass-like parameter is introduced. New Hubble cosmological parameters HK(η) depending on the Dirac-like parameter are plotted and compared with the standard Hubble case H0(η). The new HK(η) are complex quantities. The imaginary part is a supersymmetric way of introducing dissipation and instabilities in the barotropic FRW hydrodynamics.
-Introduction
The scale factor a(t) of a FRW metric is a function of the comoving time t obeying the Einstein-Friedmann dynamical equations supplemented by the (barotropic) equation of state of the cosmological fluid a a = − 4πG 3 (ρ + 3p) ,
ȧ a
where ρ and p are the energy density and the pressure, respectively, of the perfect fluid of which a classical universe is usually assumed to be made of, κ = 0, ±1 is the curvature index of the flat, closed, open universe, respectively, and γ is the constant adiabatic index of the cosmological fluid.
A simple Riccati route of solving the system of eqs.
(1)-(3) proposed by
Faraoni, 1 has been used by Rosu to develop a factorization (nonrelativistic supersymmetry) approach of the barotropic FRW cosmologies, 2 in which a simple explanation for a currently accelerating universe, 3 in terms of 'Darboux fluids' with effective adiabatic indices is possible.
In this work, we first briefly review the supersymmetric factorization methods for barotropic FRW cosmologies in section 2. Next, in section 3, we present Dirac-like (first-order) coupled differential equations and their associated second-order differential equations. This allows a simple extension of barotropic FRW cosmologies that include a Dirac mass-like constant parameter K.
-Supersymmetric methods
Combining the equations (1)- (3) and using the conformal time variable η defined by dt = a(η)dη one gets the equation
where c = and also in factorized form using Eq. (6) one gets
To fix the ideas, we shall call Eq. (8) the bosonic equation. On the other hand, the supersymmetric partner (or fermionic) equation of Eq. (8) will be and write a cosmological Dirac equation
where W = w 1 w 2 is a two component 'zero-mass' spinor. This is equivalent to the following decoupled equations
Solving these equations one gets w 1 ∝ 1/ cos(cη) and w 2 ∝ cos(cη) for κ = 1 cosmologies and w 1 ∝ 1/sinh(cη) and w 2 ∝ sinh(cη) for κ = −1 cosmologies. Thus, we obtain
This shows that the matrix 'zero-mass' Dirac equation is equivalent to the two Schroedinger equations for the bosonic and fermionic components.
3.2-Consider now a "massive" Dirac equation
where K may be considered the mass parameter of the Dirac spinor. Eq. (13) is equivalent to the following system of coupled equations
These two coupled first-order equations are equivalent to second order differential equations for the two spinor components:
The fermionic spinor component can be found directly as solutions of 
The solutions of the bosonic equations are expressed in terms of the Gauss hypergeometric functions 2 F 1 in the variables y = e icη and y = e cη , respectively
and w
respectively. The parameters are the following: 
and
and similarly for the fermionic components by changing w ± 2 to w ± 1 in eqs. (22) and (23), respectively.
In the small K limit, K → 0, the ordinary FRW barotropic cosmologies are obtained. The Hubble parameters corresponding to the K-dependent bosonic modes are plotted in the Figures (1) -(4) .
-Conclusions
We come now to the interpretation of the mathematical results that we displayed in the previous sections. The parameter K introduces an imaginary part in the cosmological Hubble parameter H. Since the latter is the logarithmic derivative of the scale factor of the universe one comes to the conclusion that the supersymmetric techniques presented here are a way to consider dissipation and instabilities of barotropic FRW cosmologies. 
